Extract
This report deals with quantitative and qualitative investigations o f alkaline phosphatase i n two unrelated infants with the severe infantile form of hypophosphatasia. Both affected infants had no detectable leukocyte alkaline phosphatase activities and both sets o f parents and one sibling tended to have low but variable leukocyte enzyme activities. Normal duodenal juice alkaline phosphatase activity was present in the one patient i n whom i t was measured and a wide range o f variation i n enzymic activity was observed in the stools. There was no significant difference in the stool enzyme activity between both patients with hypophosphatasia (42.01 ~t 9.77 U) and control infants (40.55 * 6.29 U). However, the heterozygous parents had values significantly lower than the control adults (2.10 0.47 as compared with 19.10 + 4.44 U). Intestinal bacteria did not contribute significantly to the stool alkaline phosphatase activity. Enzyme activity was present in the bile o f one o f the patients and nearly absent i n that o f the other.
Three "inducers" o f alkaline phosphatase were given to both patients (phenobarbital, vitamin A, and corticoster~id). N o clinical improvement o r rise i n serum alkaline phosphatase activity was observed during the trial o f therapy with these agents. However, a significant increase i n the activity o f serum acid phosphatase was demonstrated during the course o f vitamin A administration, suggesting an in vivo action o f vitamin A on the lysosomes through decreasing the stability o f the membrane and releasing acid phosphatase to the serum.
Quantitative determination o f tissue alkaline phosphatases from autopsy tissues was highly variable: no activity was found i n bone, lungs, or spleen of either infant; there was a discrepancy in liver and kidney alkaline phosphatase values (zero in one patient and present in the other) and activity was present i n the intestinal mucosa o f both.
Qualitative analysis of kidney, liver, and intestinal alkaline phosphatase revealed some differences between the patients and control subjects i n heat inactivation and phenylalanine inhibition (Table 3) . Starch gel electrophoresis of the liver preparation of one patient disclosed a single band which had greater mobility than that of six control subjects matched for age. Liver extracts from a premature and from full term newborns showed two bands. The single band of the patient's liver enzyme corresponded to the newborn's fast moving component. In addition, the intestinal enzyme prepared from the same patient had an extra band when compared with age-matched control subjects.
Speculation
Among the many quantitative and qualitative alterations in alkaline phosphatases found in these two infants with the severe form of hypophosphatasia, the most striking finding was the presence in the liver of one of the cases of what appeared to be a form of the enzyme normally present only during very early postnatal life. The defective regulation of the various alkaline phosphatase isozymic forms during development may thus represent the basic defect in this disease.
Progress has been made in the understanding of hypophosphatasia since Rathbun (18) described it as a separate disease entity in 1948. The clinical features have been well defined and a number of biochemical abnormalities (low alkaline phosphatase in serum and various tissues, increased phosphoethanolamine and pyrophosphate in the urine (3). hypercalcemia) have been recognized (1, 5, 9). However, fundamental questions remain unanswered. It is not known, for example, how these biochemical abnormalities are interrelated. The name of the disease suggests that alkaline phosphatase plays a central pathophysiologic role, but comprehensive characterization of this enzyme has not been carried out. An unsettled controversy exists regarding the presence or absence of alkaline phosphatase in extraskeletal tissues. Although inhibitors have been investigated, it is unclear as to whether the alkaline phosphatase deficiency is the primary defect or merely a secondary phenomenon.
Other unexplained phenomena are the tendency towards failure to thrive, the development of pulmonary infections and increased intracranial pressure, and the extreme variability in the clinical picture.
This report deals with quantitative and qualitative investigations of alkaline phosphatase in two unrelated infants with a severe form of the disease.
CASE REPORTS

CASE I
TB, the first child of a healthy 29-year-old gravida 6 para 1 woman and a 32-year-old man, was admitted to the Buffalo Children's Hospital at 5 months of age. The pregnancy was complicated by excessive weight gain and hypertension for which the mother received treatment with hydrochlorothiazide, restricted caloric intake, and dexedrine. The infant was born after approximately 36 weeks of gestation and weighed 3,050 g. He appeared healthy at birth, but poor weight gain was noted from the first month in spite of adequate caloric intake. The usual vitamin supplement of A, C, and D was given from the second month. The infant smiled at 5 weeks, was able to grasp objects at 4 months. but had not developed head control by 5 months. "Protuberances" in the ribs were noted by the parents, and the infant was referred for evaluation.
The mother had five spontaneous abortions, each occurring between 2 and 4 months of pregnancy. The family history was otherwise negative with no known consanguinity. Both parents are of Northern European descent.
Physical examination revealed a 5-month-old, small, poorly developed, and undernourished male infant with mottled skin, who weighed 4,500 g and measured 58 cm. The anterior fontanel was soft and large (7 x 5 cm), the sutures were wide, and the posterior fontanel was open. Cartilages of the external ears and trachea were soft. Marked iostochondral beading was visible as well as palpable and the anteroposterior diameter of the chest was decreased. Other skeletal anomalies included widening of the wrists, double malleolus, bilateral talus valgus, and lumbar kyphosis. The sclerae were blue, there was a grade II/VI ejection systolic heart murmur along the left sternal border; blood pressure was 105/68; the musculature of the abdominal wall was thin and weak; the liver edge was palpable 6.5 cm below the right costal margin; and the spleen tip was also palpable. A right-sided hydrocele and inguinal hernia were present and the skeletal muscles were hypotonic. Deep tendon reflexes were hyperactive, and the infant had no head control. However, he was able to hold a bottle and transfer objects from hand to hand. Allowing for the muscular disability, his fine motor ability, adaptive language, and personal-social behavior were age-adequate, and he was not felt to be mentally retarded.
X-rays disclosed large central lucent defects and vertical striations in the metaphyseal ends of all long bones, decreased ossification of the skull with large sutures and large fontanels, and delayed ossification in all centers of the spine and pelvis. Laboratory studies revealed a calcium level of 9.8 mg/100 ml, phosphorus level of 6.4 mg/100 ml, and serum alkaline phosphatase level of 0.1 Bodansky units. Increased urinary excretion of phosphoethanolamine (588 fiM/m2/24 hr) was found and the diagnosis of hypophosphatasia was thus confirmed.
Additional laboratory studies included hematocrits ranging from 25 to 31% with reticulocyte counts of from 0.9 to 3.9%. White blood count and serum electrolytes were within normal limits. Urinalysis revealed failure to concentrate the urine past a specific gravity of 1.010 after over 10 hr of water deprivation. White blood cells in the urine ranged from zero to many per high power field and urinary calcium excretion was 2.0 mEq/24 hr. Blood urea nitrogen was normal and although endogenous creatinine clearances were low (35.9-40 ml/min/1.73 m2). inulin clearance was normal (I21 ml/min/1.73 m2); aldosterone was 3.0 pg in a 24-hr urine specimen. Serum T,, lactate dehydrogenase, S C O T , SGPT, and protein electrophoresis were all within normal limits. There was no impairment in the absorption of glucose and fats from the gastrointestinal tract, as determined by oral glucose and vitamin A-absorption tests. Excretion of mucopolysaccharides in the urine was normal in amount and distribution, and the serum parathormone level was 0.25 ng/ml (normal 0.3-0.4 ng/ml), as measured by radioimmunoassay. There were no detectable anomalies of the cardiovascular system by EKG, vectocardiogram, and chest roentgenograms. EEG, electromyogram, and nerve conduction time were normal. At 7 months of age serum and tracheal y-globulins were within normal limits. Six months after Salk vaccination, the appropriate antibody response was found both in the serum and in the tracheal secretions. The infant's karyotype was normal, as were those of both his parents.
Therapeutic trials included oral administration of hydrocortisone ( I 5 mg/day for 6 weeks), sodium phenobarbital (30 mg/day for 3 weeks and 60 mg/day for 3 weeks) and vitamin A (25.000 units/day for 3 weeks and 50.000 units/day for 6 weeks) successively. However, his clinical condition did not improve and serum alkaline phosphatase activity and bony x-ray changes were not modified by the administration of these drugs. During the trial therapy period with vitamin A, acid phosphatase activity in the serum increased gradually from 0.06 Bessey-Lowry units before therapy to 0.55-0.75 Bessey-Lowry units between the 28th and 61st days of vitamin A administration.
Although there were brief periods of improvement in the hospital, the general course was gradually downhill. The first episode of pneumonia developed shortly after admission and repeated respiratory infections ensued in spite of vigorous use of antibiotics and supportive treatment. The infant's weight remained essentially unchanged from 5 to 10 months of age, except for periods during which edema of undetermined etiology developed. At the age of 10 months, he had a cardiorespiratory arrest and expired.
CASE 2 p-nitrophenylphosphate as substrate and glycine buffer, pH 10.5, HP, the second child of a healthy gravida 2, para 2, 26-year-old woman and a 27-year-old man was hospitalized seven times between the ages of 3 and 14 months. She was the product of a full term, uncomplicated pregnancy. Birth weight was 2,900 g and the infant gained weight slowly, appeared pale, had episodes of screaming, and the parents noted a very large "soft spot." She was admitted to hospital at age 3 months for investigation of failure to thrive. The family history was entirely negative with no known consanguinity. The mother is of Scottish descent and the father is an American Indian.
Developmental evaluations at 13, 28, and 54 weeks indicated severe neuromotor retardation with hypotonia and muscular weakness. However, the child appeared to function normally in adaptive behavior and she obtained a developmental quotient of 96 at 54 weeks of age.
Physical examination on the first admission revealed a 3-monthold, pale, undernourished, and underdeveloped infant with a prominent forehead. She weighed 3,700 g and measured 54.5 cm in length. Head circumference was 39 cm. Positive findings included prominent veins in the head, a large bulging anterior fontanel (6.5 x 6.5 cm), an open posterior fontanel, and wide sutures. The sclerae were blue; there was a rachitic rosary and mild hypotonia.
Skeletal x-rays disclosed radiolucent defects in the &etaphyses of long bones and laboratory studies revealed a calcium level of 13.5 mg/100 ml, phosphorus level of 5.8 mg/100 ml, and alkaline phosphatase of 0.7 Bodansky units. Increased urinary excretion of phosphoethanolamine (1,324 pM/m2/24 hr) confirmed the diagnosis of hypophosphatasia.
Additional laboratory values revealed a hematocrit of 23% with reticulocyte counts varying from 1.7 to 3.4%. The white cell count was within normal limits and the peripheral smear revealed normocytic and normochromic red cells with moderate polychromasia and some basophilic stippling. Erythrocyte enzymes were unremarkable although there was a slightly increased concentration of ATP. Serum electrolytes were normal as was the blood urea nitrogen and serum protein electrophoresis.
Urinalysis revealed a fixed specific gravity at a maximum of 1.008 even after up to 12 hr of withholding fluids. There was a trace of protein, 0-2 red cells, and 0-10 white blood cells per high powered field. Creatinine clearance was 38.4 ml/min/ 1.73 mZ and 24-hr urinary calcium excretions ranged between 0.5 and 0.7 mEq. An intravenous pyelogram was normal. Serum immunoglobulins were within normal limits and the serum contained normal levels of parathormone as measured by radioimmunoassay (0.22 ngfml). ~l e c t r o e n c e~h a l o~r a m s were normal and a ventriculogram at age 5 months showed normal ventricles. A repeat skeletal survey at 13 months of age disclosed thick, abnormally dense zones of provisional calcification, abnormal radiolucency of the submetaphyseal zones, cortical thinning, generalized osteoporosis, and pathologic fractures of the humerus and radius.
The clinical course was characterized by poor nutrition, episodes of hyperpyrexia of ohscure origin, hypercalcemia, increased intracranial pressure, and repeated episodes of pneumonia. Gradually the bulging fontanel became more tense and spinal fluid pressure rose from 196 mm of water at 3 months to over 400 at 12 months. Head circumference increased by only 3.2 cm during this period and skull x-rays remained unchanged. Neurosurgical risk was considered high because of the infant's general condition and craniectomy was deferred because of this, along with the fact that the cranial bones failed to ossify. The infant grew only 4.5 cm in length from 3 to 10 months of age and her weight, before she died of pneumonia at age 13 months, was 3,800 g.
SPECIAL ALKALINE PHOSPHATASE STUDIES: MATERIALS AND METHODS
QUANTITATIVE DETERMINATIONS OF ENZYME ACTIVITY
In Serum, Duodenal Juice, Urine, Stool, and Intestinal Flora. The colorimetric method described by Bessey, et al. (2) , using was employed.
In Leukocytes. Semiquantitative histochemical determination was performed by the method of Kaplow (13) . Positive controls obtained from pregnant women were stained simultaneously in each determination.
Other Tissues. For this study, 1 M 2-amino-2-methyl-I-propanol buffer, pH 10.0 (14), was used. Samples were incubated at various times (usually 0, 10, 20, and 30 min); then enzymic reaction was stopped by the addition of 5 ml 0.02 N NaOH; absorbance at 410-nm was read in a Gilford model 300 microsample spectrophotometer against tissue and reagent blanks; the changing absorbance per minute was determined from the straight line plot of the early time-source of the reaction. Because we found that 0.005 M L-phenylalanine (8) did not produce inhibition of the enzyme activity in the presence of 2-amino-2-methyl-I-propanol buffer, glycine buffer, pH 10.5, was employed for the phenylalanine inhibition experiments. Thermal stability was determined by incubating the enzyme preparation for 30 min at 56O and assaying enzymic activity thereafter.
All quantitative determinations were made at least in duplicate. Protein concentrations were measured according to the method of Lowry et al. (15) .
PREPARATION O F MATERIAL FOR QUANTITATIVE ANALYSIS A N D ELECTROPHORESIS
S~ools. Fecal materials from healthy subjects (eight adults and seven infants) and from HP, TB and their immediate families were homogenized in a Waring Blendor in distilled water. For quantitative analysis 1:400 to 1:4,000 suspensions in distilled water were prepared while 10 times more concentrated samples were em-, ployed in the starch gels. Specimens so prepared were kept frozen at -19' until assayed.
I
Duodenal Juice. This was obtained by intubation in HP and in a control infant of the same age; the site of the tip of the catheter was confirmed radiologically.
Bacteria. Rectal swabs from TB and a normal adult were cultured in Difco "brain heart infusion" for approximately 24 hr.
Suspensions were then centrifuged at 9,000 x g for 10 min, and pellets washed twice and resuspended in 0.25 M sucrose.
Tissues. Tissue specimens were obtained from autopsy performed within 4 hr after death. The source of most control tissues was a 10-month-old female infant with congenital heart disease; control liver, mucosa of the small intestine, and kidney specimens ! were also obtained from infants whose ages varied between 2 days (including one premature 32-week gestation infant) and 12 months, who expired because of various unrelated conditions. All tissues so obtained were frozen immediately at -19' for a maximum of 15 days before enzymatic assays were performed. Bone and cartilage enzymes were prepared according to the method of Boyer (4) . The mucosa of the small intestine was washed thoroughly and scraped. For quantitative assays tissues were homogenized with an equal volume of cold distilled water in a glass homogenizer with a Teflon pestle. All tissues, except brain and intestinal mucosa, were then centrifuged for 10 min at 2,000 x g. Tissue preparations were partially purified for electrophoretic studies: intestinal mucosa, by autolysis in ethanol and a mixture of ethylacetate and toluene pH 7.0 for 72 hr (20) ; liver, by extracting the enzyme with butanol(4).
STARCH GEL ELECTROPHORESIS O F ALKALINE PHOSPHATASE
Horizonal starch gel electrophoresis was performed at 4O using a discontinuous buffer system, pH 8.7. The gels were made from a buffer containing 0.1 M tris-(hydroxymethy1)-aminomethane and HCI; 0.3 M sodium borate buffer was placed in the electrode vessels. Enzyme preparations were subjected to electrophoresis for 5 hr. The total enzymic activity placed in the slots was approximately the same in each gel. Gels were sliced longitudinally and zones of enzyme activity were developed directly using a solution containing 0.002 M sodium naphthyl acid phosphate, 0.005 M MgSO,, 0.05% fast blue R R salt in 0.06 M sodium borate buffer, pH 9.7, at 37" for 1 hr. For the intestinal alkaline phosphatase inhibition studies, phenylalanine was added to the developing solution (5 x M).
SPECIAL ALKALINE PHOSPHATASE STUDIES: RESULTS
SERUM AND LEUKOCYTE ALKALINE PHOSPHATASE ACTIVITIES
Both affected infants had no detectable enzyme activity in either serum or leukocyte extracts. Using quantitative and qualitative techniques, both sets of parents and one sibling of H P tended to have low but variable alkaline phosphatase activities, all within the wide ranges found among apparently healthy individuals.
DUODENAL JUICE ALKALINE PHOSPHATASE
Activity was near normal in HP but not assayed in TB. The enzyme activity was markedly inhibited by 0.005 M phenylalanine in both the patient (91 %) and a control (75%). Electrophoresis revealed two anodic bands with the same mobility from the patient and the control.
URINE
values than adults @ < 0.005); there was no significant difference in the stool enzyme activity between both hypophosphatasia patients and control infants. However, the heterozygous parents had values significantly lower than the control adults @ < 0.005).
The enzyme obtained from the stools of the two patients and from normal subjects was inhibited to a similar extent (66-81%) by 0.005 M phenylalanine as the intestinal enzyme. Intestinal bacteria did not contribute significantly to the stool alkaline phosphatase activity since the cultured fecal flora had little or no enzyme activity. Moreover, sterile meconium from a newborn infant had high values and "sterilization" of the intestine (oral Kanamycin 40 mg every 6 hr for 3 days) had little effect on the stool enzyme activity. Additionally, in starch gel, stool and intestinal preparations (obtained from the same subject) had different electrophoretic characteristics, and butanol extractions of the stool enzyme followed by incubation of the intestinal enzyme with trypsin had no effect on the electrophoretic mobility.
BILE
Enzymic activity was present in TB's bile (28.3 Bessey-Lowry units) and practically absent in HP's bile (0.2 Bessey-Lowry units; mean of four controls: 61.1 17.3 (SE)). Urine from nine normal children and from one of the affected infants (HP) had no enzymic activity; TB had some detectable
INVESTIGATION OF ACTIVATORS AND INHIBITORS
enzyme activity (0.39 Bessey-Lowry units).
When normal serum was incubated with HP's or with TB's sera, the experimental result was almost identical with the average of STOOLS both of them measured independently. Similarly, no inhibition of A wide range of variation in enzymic activity was observed in the serum enzyme nor activation of the stool enzyme was detected the four groups studied (Table 1) . Infants had significantly higher by incubation of a mixture of serum and stool preparations. intestinal and kidney enzymes are indicated in Table 3 . Starch gel electrophoresis (Fig. 1) of the liver preparation of TB disclosed a ' Numbers in parentheses indicate the number of control subjects tested.
QUANTITATIVE DETERMINATION OF TISSUE ALKALINE
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single band which had greater mobility than that of controls matched for age (4-12 months). Liver extracts from a premature (32 weeks of gestation) and full term newborns (2-day-old infants) showed two bands. The single band of TB's liver enzyme corresponded to the newborns' fast moving component. On starch gel the intestinal enzyme preparation obtained from TB had an extra slow moving band when compared to five age-matched controls: a faint band in the same area was observed in HP's intestinal preparation ( Fig. 2A) . This extra component was also sensitive to 5
x M phenylalanine. Electrophoresis of intestinal alkaline phosphatase was also performed in cellulose acetate gel (26) using 0.05 M Tris-HCI buffer, pH 7.5, and 0.6 mA/cm. The developing solution consisted of 0.25% naphthyl-sodium-acid phosphate, 0.25% Fast blue R R salt, and 0.30% magnesium sulfate in 0.3 M sodium borate buffer, pH 10.0. In this system a single band was seen in the control preparation and an additional fast moving band in TB (Fig. 2B) . N o additional band was visible in a preparation from HP.
DISCUSSION
Although a voluminous literature has been published concerning the alkaline phosphatases, the biological function of this group of enzymes has remained a mystery (for review, see References 7 and 17) . Perhaps the study of this enzyme in pathologic states in which alkaline phosphatase is deficient will help to elucidate its physiologic role.
If a deficient alkaline phosphatase were the basic abnormality in hypophosphatasia, attempts to increase the catalytic activity of this enzyme could result in improvement of the condition. Three "broad spectrum" and specific alkaline phosphatase "inducers" were given to TB and HP: phenoharhital (24) . vitamin A (19) . and corticosteroid (10) . The suggestion has been made that normal alkaline phosphatase is vitamin A dependent (19) and therefore the possibility that hypophosphatasia was a "vitamin A dependency syndrome" was an attractive one. N o clinical improvement or rise in serum alkaline phosphatase was observed during trial therapy with these agents. An interesting phenomenon was observed. however, during vitamin A administration. In order to determine whether the vitamin preparation was having systcmic effects. serum acid phosphatase was measured; a significant increase in the activity of this enzyme was demonstrated, which paralleled the rise in the serum vitamin A level. Although this does not prove a cause-effect relationship. this is likely and it could represent an in vivo action of vitamin A on the lysosomes through decreasing the stability of the membrane and releasing acid phosphatase to the serum (23) .
A number of therapeutic agents have been of no value in hypophosphatasia and at present there is no generally accepted mode of treating this disease. The effect of corticosteroids and phosphate salts has not been uniform (21) . Since some patients with hypophosphatasia have spontaneous rapid improvement, evaluation of various forms of therapy should be particularly critical.
The study of the stool alkaline phosphatase suggests an intestinal origin, in spite of the different electrophoretic mobility of these two preparations, and our results are consistent with those previously reported (12, 17) . The wide variation in stool enzymic activity among different individuals correlates well with the reported variability of intestinal alkaline phosphatase values. The variability in the specific activity and electrophoretic mobility of stool alkaline phosphatase probably is due also to other factors. such as intestinal transit. action of various proteolytic enzymes, turnover rate of intestinal mucosa. and diet. The normal stool alkaline phosphatase activity found in both TB and HP suggested that they had normal intestinal enzymic activity. Quantitation of encounter little activity in the homozygous infants and values somewhere in between those of the homozygous and the normals in the heterozygous parents.
Qualitative abnormalities in alkaline phosphatase from kidney, intestine, and liver from TB and HP were evident upon further characterization of the enzyme by heat inactivation, phenylalanine inhibition, and electrophoresis in starch gel. When liver alkaline phosphatase preparations obtained from premature and full term newborn infants were compared electrophoretically with the liver enzyme of TB, it became apparent that TB's liver alkaline phosphatase could represent a vestige of the fast moving band of early postnatal life.
Thus, our results confirm and expand described changes in electrophoretic mobility of alkaline phosphatase in tissues of human fetuses and infants (1 1, 16) and, from our unexpected findings in liver and intestinal patterns, one could hypothesize that the early postnatal enzyme failed t o be turned off in the tissues involved at the proper time during biologic development, while the normal infantile form failed to be induced. Eventually, at a later stage, the enzyme of the early postnatal period might be gradually turned off, resulting in loss of enzymic activity and failure of some critical function.
The marked tissue variability in alkaline phosphatase, as well as the obvious genetic heterogeneity in hypophosphatasia, may be explained by the subunit hypothesis of the structure of proteins and isozymes. Zinkham et al. ( 2 5 ) have proposed that the expression of an abnormality in inborn metabolic errors is restricted to those tissues in which the mutant gene controls the synthesis of the major isozyme component.
S U M M A R Y
Studies of both qualitative and quantitative activities of alkaline phosphatases are reported in two patients with the severe infantile form of hypophosphatasia. Clinical and autopsy studies revealed quantitative and qualitative heterogeneity between these two the enzyme in the intestinal preparations obtained at autopsy proved that this assumption was correct.
Our findings on bile alkaline phosphatase can be added to the evidence against the hypothesis that bile alkaline phosphatase represents the serum enzyme in the process of being excreted by the liver. Since HP had low levels of activity in both serum and bile, the low serum values in hypophosphatasia probably are not due to the loss of enzyme in the bile. The presence of readily detectable alkaline phosphatase activity in the bile of TB suggests that the enzyme was produced in the liver cells or bile canaliculi.
Quantitative measurements of tissue alkaline phosphatase in hypophosphatasia have been reported in bone, liver. kidney, intestine, lung, and leukocytes. One report (6) stresses the finding of normal values in intestinal mucosa biopsied from patients with the mild form of the disease and other data indicate that under certain circumstances the intestinal alkaline phosphatase is the major component of serum alkaline phosphatase activity (22) .
Our results, as well as those from the literature, illustrate the marked tissue variability in alkaline phosphatase activity in hypophosphatasia. One could speculate that symptoms are related to the deficiency of enzyme activity in the involved organs.
It is of interest to note that HP, who expired at 14 months of age, had much lower tissue enzymic values than TB, who died at the age of 10 months. In addition, probably the four presumed heterozygous parents had low intestinal alkaline phosphatase activities, since the levels in their stools were so much decreased. This is remarkable because, as is the case for other genetically determined enzyme deficiencies. we would have expected to below the bifurcation of the abdominal aorta. New Zealand rabbits, weighing 0.55-3.5 kg, by inserting 3.5 and 5.0 French polyvinyl chloride catheters, of the type commonly used for umbilical artery catheterization, through the femoral artery, advancing 15-20 cm, and leaving in place for 10-30 min. Arterial blood pressure (BPI, common iliac artery blood flow (BF), gracilis muscle tissue oxygen availability (O,a), and subcutaneous temperature ( T ) in the foot were continuously monitored before and during catheter placement and after withdrawn!. There were no changes in the physiologic variables measured in the contralateral leg when the catheter remained below the aortic bifurcation; however, when the catheter was advanced 15-20 cm into the abdominal aorta, a decrease in lower extremity BF, O,a, and T occurred. Because the length of catheter insertion was maintained constant in each animal, the decreases in BF, O,a, and T are related to the relative dimensions of the vessel and the catheter. The ratio of catheter to vessel diameter, in addition to the site of catheter placement, should be considered during the clinical application of arterial catheters. Reduction in blood flow could be detected by continuous differential monitoring of core and extremity temperature or extremity muscle oxygen availability.
Speculation
Placement of catheters in the aortas of animals of physical ~i z e s comparable to those of newborn infants may produce an appreciable The patency of the umbilical vessels at birth allows long term catheterization. In 1959, James (5) reported the use of an umbilical artery catheter to obtain repeated samples for blood gas and pH analysis. Since that time. catheterization of umbilical vessels has become a routine procedure in the management of diseased neonates. Various authors (7) have suggested catheter pltlcement in: ( I ) the abdominal aorta, distal to the renal and inferior mesenteric arteries and proximal to the aortic bifurcation (6) . (2) the thoracic aorta, distal to the ductus arteriosus (6) . or (3) the iliac artery, distal to the aortic bifurcation ( I , I I). Although this procedure facilitates the care of sick infants, especially those requiring respiratory support and fluid maintenance, it may lead to serious complications including thrombosis, infection, vessel perforation, extremity blanching, and visceral necrosis (7, 8) .
A catheter placed in an artery produces a partial acute mechanical obstruction equivalent to coarctation of the aorta, and measurement of this effect has not been previously reported. Poiseuille's law was used as the theoretical rationale for this study.
